The purpose of this paper is introduce and study a general version of the proportional reversed hazards model. A set of sufficient conditions are provided for some general ageing classes. Finally, some generalized stochastic comparisons are given.
Introduction and motivation
In lifetime data analysis, the concepts of reversed hazard rate has potential application when the time elapsed since failure is a quantity of interest in order to predict the actual time of failure. The reversed hazard rate is more useful in estimating reliability function when the data are left censored or right truncated. The proportional reversed hazards (PRHM) model has become popular in recent times. The PRHM model consists in describing random failure times by a relation between distribution function: * ( ) = [ ( )] , > 0, ∈ . In the literature, check if a certain aging properties are preserved under the transformation → * is one of interisting topics. For example, if is increasing failure rate (IFR) and > 1, then * is IFR ageing property [1] . Moreover, a similar preservation results for the new better than used (NBU) and increasing likelihood ratio (ILR) ageing property is proved by [2] . For more details, we refer to [3] - [5] and the references there in. For any non-negative absolutely continuous random variables with density function ( ) , survival function ( ) and mean , write 0 ( , ) = ( ),and We observed that this model is accommodate both monotonic and non-monotonic failure rates even though the baseline failure rate is monotonic in general way. In addition, for a positive integer , when = 1 this model called, Lehman alternative. For more details, we refer to [1] - [7] . In reliability endangering, several ageing properties in a general way depending on the generalized orderings ( − stochastic order, − failure rate order, − mean residual life, etc.) have been studied. For the lifetime random variable , we use ( , ) , ( , ), Θ ( , ), and ( ) corresponding to ( , ), ( , ), Θ ( , ) and ( ). Definition 1.1. [8] A non-negative random variable is said to be: • − new better than used class if ( , + ) ≤ ( , ) ( , ) forall , ≥ 0.
• − increasing failure rate class if
, isincreasingin > 0.
Definition 1.2. [8]
A non-negative random variable is said to be smaller than in:
• − stochastic ordering (denoted by ≤ − ) if, and only if, ( , ) ≥ ( , ), forall ≥ 0.
(1.2)
• − failure rate ordering (denoted by ≤ − ) if, and only if,
isincreasingin ≥ 0; • 1 − increasing failure rate ⇔ increasing failure rate; • 2 − increasing failure rate ⇔ decresaing mean residual life; • 3 − increasing failure rate ⇔ decresaing variance residual life For more details about the definitions and properties of the above aging classes and stochastic orders, we refer to [8] - [13] .
In this paper, the monotonicity of the baseline failure rates in relation to the monotonicity of the baseline hazard are studied in a general way present in Section 2 . In Section 3, the problem of preservation of some stochastic orders under the transformation → * are disscused. In addition, we show disscuse some conditions such that and * are ordering according to -stochastic order.
Finally, in Section 4, some conclusions of the current research are presented.
The generalized model
The generalized proportional reversed hazards model is a flexible generalization of ordinary proportional reversed hazards model that allows for obtaine several intersting results. Let be a non-negative random variable denoting the life length of a component having cumulative distribution function ( , ) with ( , 0) = 0 and the probability distribution function 0 ( , ). Let * be a lifetime random variable such that its function ( * , ) such that
Therefore, the probability distribution function of
The failure rate of * is given by
where
To check the monotonic properties of Θ ( * , ), we look at
Note that, one can verified that ℎ ( , ) is increasing (decreasing) function of for > 1 ( < 1). Thus we have the following results: Theorem 2.1. For a non-negative random variable Z, if > 1 ( < 1) and ∈ − increasing failure rate ( ∈ − decreasing failure rate), then * ∈ − increasing failure rate ( * ∈ − decreasing failure rate).
Defenition 2.1.
A non-negative random variable Z is said to have − increasing failure rate ( − decreasing failure rate) property if Θ ( , ) > (<)0.
Let us denot
where 0 ( , ) is the probability distribution function corresponding to Θ ( , ).
The following result gives a characterizations of the generalized ageing classes. In addition, * has − icreasing failure rate property, if < 1 and 
Lemma 2.2. ([14])
Let Φ be a real function defined on an interval ⊂ , and let 1 < 1 ≤ 2 and 1 ≤ 2 < 2 ;if Φ is convex (concave) on , then
Theorem 2 1.
For the lifetime random variable Z, if is − new better than used and > 1, then * is − new better than used.
Proof.
Let 1 = ( , ) ( , ), 2 = ( , ), 1 = ( , ), 2 = ( , + ), for , ≥ 0. We set Φ( ) = , with > 1, so that Φ is convex on [0, ∞). In view of (2. The latter inequality, by virtue of (1.1), becomes ( * , ) ( * , ) ≥ ( * , + ), forall , ≥ 0.
Thus, * is − new better than used, so that the reult holds.
Characterization results
In this section we present some results of the proposed model based on some generalized stochastic orderscomparisons. To this purpose, let us recall that given two non-negative random variables and , is said to be smaller than in the generalized hazard rate order if Θ ( , ) ≥ Θ ( , ), for all . According to (1.1) we conclude that, if > 1, Θ ( * , ) ≤ Θ ( , ) for all > 0 and if < 1, Θ ( * , ) ≥ Θ ( , ) for all > 0. This can also be seen by considering * as a weighted version of with weight function ⊑ (
the following result holds: if < 1 then ≥ − . Thus, * and are both larger than when < 1.
As a result, it is natural to provide some generalized stochastic comparisons results for and * , where is in common for such random variables. We conclude this section by facing the problem of preservation of some generalized stochastic orders under the transformation → * . For two nonnegative absolutely continuous random variables and , denoted by and the corresponding random variables having generalized proportional reversed hazard, where is in common for these variables. Hence, recalling (2.2) we have 
Proof.
The proof of (i) easily follow from (1.1). In order to prove (ii) we note that expression (2.2) and (3. It then follows that Θ ( * , ) ≥ Θ ( * , ).
Conclusion
Reversed hazard rates are found to be very useful in survival analysis and reliability especially in study on parallel systems and in the analysis of left censored lifetime data. In this paper, we propose to generalized proportional reversed hazards model by ( * , ) = [ ( , )] , where ( , ) is baseline distribution function and is a positive real number. The monotonicity of the baseline failure rates in relation to the monotonicity of the baseline hazard are studied in a general way. A set of sufficient conditions are provided for * to be − increasing failure rate when is − increasing failure rate. We also prove similar preservation results for the − new better than used aging properties. Finally, charactrization results for the some generalized stochastic comparisons are given.
